Chinavia is one of the most diverse genera of Pentatomidae, comprising 80 species distributed in the Afrotropical, Neartic and Neotropical regions. Some groups of species have been proposed in the literature based on morphological similarities or phylogenetic analyses. The geniculata group was proposed to include C. geniculata, C. gravis and C. nigritarsis. However, eleven other species of Chinavia share somatic and genital characteristics with C. geniculata, C. gravis and C. nigritarsis, which allows hypothesizing the monophyly among these 14 species. In spite of the recent contributions to aspects of biology, immature stages and species catalogs in Chinavia, the definition of monophyletic groups within the genus and the establishment of boundaries among its species are essential to understand its diversity and to test hypotheses on biogeography and evolutionary biology. In this study we review the taxonomy of the geniculata group, test its monophyly and propose a phylogenetic hypothesis for the group. We discuss the phylogenetic relationships from a geographical perspective, and provide insights about morphological evolution.
Introduction
The genus Chinavia is one of the most diverse in Pentatomidae, comprising 80 species distributed in the Afrotropical, Neartic and Neotropical regions (Orian 1965 , Linnavuori 1982 , Rolston 1983 . Schwertner (2005) confirmed the monophyletic status of the genus, with three synapomorphies of genitalia: processes of capsula seminalis tapering at the apex, superior processes of the pygophore absent, and parameres not geniculate (Schwertner 2005 , Genevcius et al. 2012 . Because the basal species are endemic to the Afrotropical region, the first diversification in Chinavia occurred probably before the separation of Gondwana, pointing to a minimum age of 65 Myr for this lineage of stink bugs (Schwertner 2005) . The greatest diversity in the genus is found in the Neotropics (more than 60 species), where nearly all species have restricted distribution (e.g. C. vanduzeei Schwertner & C. gravis Walker, 1967 , in the Amazonic region, C. obstinata Stål, 1860, and C. difficilis Stål, 1860 , in the southern Atlantic Forest, C. rideri Frey-da-Silva , in Cerrado, C. musiva Berg, 1878, in Chaco, etc) . Only four species have widespread distribution in the Neotropics: C. impicticornis Stål, 1872, C. runaspis Dallas, 1851, and C. ubica Rolston, 1983 , which occur from northern Brazil to Argentina, and C. marginata Palisot de Beauvois, 1805, from USA to Colombia. Recent studies in Chinavia have contributed aspects of biology (e.g. Schwertner et al. 2002 , Matesco et al. 2009 ), morphology of immature stages (Matesco et al. 2008 , Matesco et al. 2009 ) and faunistic records (e.g. Grazia & Campos 2010 , Grazia & Schwertner 2011 . However, taxonomic reviews are still required to propose a phylogeny-based classification of the genus, and subsequently to test hypotheses on historical biogeography and morphological evolution in an integrated approach as suggested for studies within Heteroptera (Weirauch & Schuh 2011) .
Within Chinavia, several groups of species have been proposed , Genevcius et al. 2012 . provided a synopsis of the Brazilian species, suggesting relationships among some of the species. Genevcius et al. (2012) established some of these groups as monophyletic, including the geniculata group, composed of three species: C. geniculata Dallas, 1851, C. gravis and C. nigritarsis Stål, 1872 . Six synapomorphies defined the group: lateral margins of juga with a strong concavity, blackened apex of segment I of antennae, rust-colored anterolateral margins of pronotum, femora with a distal black band, head of the parameres directed laterally within the genital cup and the apex of the parameres black (Genevcius et al. 2012) . Based on body and genital morphology (e.g. Rolston 1983 , we hypothesize that eleven other species share a common ancestry with the three species from the geniculata group. In this work we extend the term "geniculata group" to include these 14 Netropical species of Chinavia (Fig. 1) .
Four species are restricted to the Amazonian region (C. gravis, C. nigritarsis, C. nigropicta, C. vanduzeei), four to the Atlantic Forest (C. geniculata, C. pontagrossensis, C. rogenhoferi, C. sebastiaoi), two to the Central Brazil (C. immaculata and C. rideri), two to northeastern Brazil (C. cearensis, C. tuiucauna), one to Chaco/Pampa (C. erythrocnemis) and one to the Central America (C. panamensis). The restricted distribution of the species coupled with the reduced geographic overlap, makes the group a good model for biogeographical studies. In this work we conduct a taxonomic review of the geniculata group, test its monophyly and propose a phylogenetic arrangement of the group. The evolution of some morphological features and the distribution of the species are discussed in a phylogenetic context.
Material and methods
Phylogenetic analysis. The terminal taxa included all 14 species of the geniculata group and other 14 species of Chinavia used in the analysis of Genevcius et al. (2012) (table 1) . From 48 morphological characters used, 34 were used by Genevcius et al. (2012) and illustrated therein. Terminology follows mainly previous studies in pentatomids (e.g. Sharp 1890 , Schaefer 1977 .
The analyses were conducted using the parsimony program TNT (Goloboff et al. 2008) under equal weighs, heuristics searches (1000 replications, saving 10 trees per replica) and TBR as swapping algorithm. All characters were treated as non-additive. For branch support, Bremer (1994) and bootstrap were employed. Trees were rooted between C. rinapsa and all the other species following Schwertner (2005) , that indicated C. rinapsa as the sister group of all the other species of Chinavia. In order to assess the levels of homoplasy of each character, a consistency index (CI) and a retention index (RI) were calculated.
To assess the relationships among the species from a spatial perspective, the phylogeny of the main clades was superimposed on the species distribution. We discuss the evolution of the group using the biogeographical areas proposed by Josse et al. (2003) , which are based on environmental and vegetation data.
Taxonomy
A total of 312 dry specimens were analyzed from the following collections (number of males and females in 59. 5. Black spot on the apex of the head: present (0), absent (1). CI: 33; RI: 67. 6. Color of the first antennal segment: green with blackened apex (0), black (1), red (2), half green and half black (3). CI: 50; RI: 73. 7. Color of the second antennal segment: green with blackened apex (0), black (1), green (2). CI: 50; RI: 86. 8. Thin black line along the external margins of juga*: present (0), absent (1). CI: 13; RI: 0. 9. Proportion of the antennal segments II and III*: subequal (0), III longer than II (1). CI: 50; RI: 90. 10. Black circle around the base of the rostrum: present (0), absent (1). CI: 50; RI: 80. Thorax 11. Antero-lateral margins of pronotum: truncate (0), rounded (1). CI: 33; RI: 82. 12. 1 + 1 black spots on the internal margins of the cicatrices of pronotum: present (0), absent (1). CI: 33; RI: 71. 13. 1 + 1 black spots on the external margins of the cicatrices of pronotum: present (0), absent (1). CI: 100; RI: 100. 14. Presence of blackened band on the lateral margins of propleura*: present (0), absent (1). CI: 50; RI: 83. 
Phylogenetic analysis and biogeography
The analysis of 28 terminal taxa and 48 informative characters (Table 2 ) under equal weights resulted in two most parsimonious trees, with 174 steps, CI = 0.39 and RI = 0.68 (strict consensus in Fig. 2 ). The consensus resulted in fully dichotomous except for only one polytomy, among C. rogenhoferi, C. erythrocnemis and (C. rideri + C. pontagrossensis). Both trees indicate the geniculata group as monophyletic, supported by three synapomorphies: strong concavity of the juga in front of the eyes (character 1, state 2), segment III of antennae longer than the segment II (character 9, state 1), and the oblique position of the flaps of the pygophore with respect to the body axis (character 40, state 1). The sister group is the obstinata group, and such relationship is supported by the following synapomorphies: first antennal segment with blackened apices, second antennal segment fully green, absence of a callus surrounding the spiracles and the postero-lateral angles of the pygophore extending well beyond segment X. Two major clades within the geniculata group were recovered as monophyletic. Clade A comprises three species from the Amazon region (C. gravis, C. nigritarsis and C. vanduzeei) and the mesoamerican species C. panamensis (Figs. 2 and 3). This clade is defined by two synapomorphies: the absence of a black maculae at the base of the antenniferous tubercle (character 2, state 2) and the anterior tibiae colored in black (character 24, state 2). The most northerly species in the group, C. panamensis, is the sister-species of C. vanduzeei, which has a widespread distribution along the Amazonia. The four Amazonian species do not comprise a monophyletic group, since C. nigropicta is more closely related to the species from southeastern South America (Fig. 3) . The clade B comprises the species C. nigropicta, C. rogenhoferi, C. pontagrossensis, C. rideri and C. erythrocnemis (Fig. 2) , and is defined by five synapomorphies: blackened tylus (character 3, state 0), black spots on both internal and external margins of the cicatrices of pronotum (characters 12 and 13, state 0), propleura with blackened margins (character 14, state 0), and the presence of a black fovea in each basal angle of the scutellum (character 19, state 0). The species restricted to the Atlantic Forest (C. geniculata, C. rogenhoferi, C. pontagrossensis and C. tuiucauna) comprise a polyphyletic group, as well as the species from the open vegetation biomes (C. cearensis, C. erythrocnemis and C. rideri) (Figs. 2 and 3). 
Discussion

Phylogenetic analysis
The geniculata group was proposed by Genevcius et al. (2012) to include three species of Chinavia: C. geniculata, C. gravis and C. nigritarsis. The group was recovered as monophyletic based on six synapomorphies from head, thorax and male genitalia (see introduction for details). We hypothesized that eleven species of Chinavia might be closely related to the geniculata group, because they share at least one of these six synapomorphies. We corroborated this hypothesis by recovering the group of 14 species as monophyletic with average support Species Males and females analyzed Collections
(bootstrap = 85, Bremer = 2). Only one synapomorphy of the geniculata group from Genevcius et al. (2012) was maintained here, the strong concavity in front of the eyes. The relationship between the geniculata and the obstinata group was also corroborated, as well as the absence of a callus surrounding the spiracles as synapomorphy for this relationship. Most of the clades in the group showed reasonable support (bootstrap > 75 and Bremer > 1). The exception was Clade B, with bootstrap and Bremer under 75 and 1, respectively (see Fig. 2 ). This is probably a result of the peculiar morphology of C. nigropicta, which has several exclusive characteristics within Chinavia (e.g. the light brown body coloration and the presence of two wide black spots at the base of the scutellum), and the unknown male genitalia. Nevertheless, C. nigropicta shares with some of the species in Clade B characteristics that are unique within Chinavia, for instance, the blackened abdominal sutures of C. rideri, the red femora of C. erythrocnemis and the black tylus of C. rogenhoferi. The characteristics that are probably responsible for the low support values are plesiomorphic within the group, and these are shared by basal and derived species (e.g. the absence of black spots on the connexivum shared with C. geniculata and C. nigropicta). 
Comments on morphological evolution within the geniculata group
Overall, the color-based characters showed great significance in reconstructing the phylogeny of the group, supporting several monophyletic groups. For instance, the blackened tibiae and the absence of black spots at the base of the antennae are synapomorphies of Clade A, whereas the blackened tibiae and propleura are synapomorphies of Clade B. Male genital characters, on the other hand, showed low phylogenetic significance, appearing as homoplasies to several terminal taxa (see consistency and retention indexes in the morphological characters section). Such levels of homoplasy may be interpreted as a result of high evolutionary rates (Losos 1999) , an expectable consequence of sexual selection favoring a rapid divergence of the external male genitalia (Simmons 2013) . In contrast, the internal male genitalia are seemingly invariable within the group and also in comparison to closely related groups of Chinavia (see and Genevcius et al. (2012) ). A possible explanation is that the selective pressures may have acted mainly over the more external genital structures (i.e. the pygophore parts), whereas the phallus is likely to be evolving neutrally. Our results are somehow contrasting with recent studies in Pentatomidae (e.g. Ferrari et al. 2010 , Garbelotto et al. 2013 , Greve et al. 2013 , in which the male genital characters are highly informative and have low levels of homoplasy. These suggest that the evolutionary mechanisms driving the genital evolution in Pentatomidae may vary among groups, a hypothesis that remains to be tested. 
Biogeography
Studies on historical biogeography using pentatomids as models have shown a close relationship among Central America and northwestern Amazonia lineages as well as the disjunction between a southeastern and a northwestern Amazonian components (Grazia 1997 , Barcellos & Grazia 2003 and Campos & Grazia 2006 . This pattern has been suggested to be a result of vicariant events associated to the Amazonas, Madeira and Mamoré rivers (Nihei & Carvalho 2007) , and was corroborated by several studies with other groups of insects (e.g. Hall & Harvey 2002 , Camargo & Pedro 2003 , mammals (e.g. Eizirik et al. 1998) and birds (e.g. Marks et al. 2002) . Although the Amazonian species from the geniculata group are not clearly separated in two geographic components, our results still point to a composite Amazonia because: (1) the Amazonian species C. nigropicta is more closely related to the species from the southeastern Neotropics (the Atlantic Forest and the open vegetation biomes); (2) the Amazonian species C. vanduzeei is the sister species of the Central America C. panamensis (Fig. 3) . It has been argued that the open vegetation biomes (i.e. Caatinga, Chaco, Cerrado and Pampa) might have evolved as a biogeographic unit dividing the two major forest dominions, the Atlantic Forest and the Amazonia (Morrone & Coscarón 1996) Diagnosis. The group is defined by the strong concavity of the juga in front of the eyes, the antennal segment III longer than the II and the oblique position of the flaps of the pygophore. The internal male genitalia (Fig. 6b) are very conserved among the species of the group, and also invariable in relation to other groups of species within Chinavia (Genevcius et al. 2012 ). The vesica is slightly curved towards the ventral surface; the processes of vesica are curved towards the ventral surface, with divergent apices (for illustrations, see Fig. 38 in . The internal female genitalia (Fig. 6a) are relatively conserved, varying virtually only with respect to length and width of capsula seminalis, processes of capsula seminalis and pars intermedialis (see redescriptions below for details).
Key to the species of the geniculata group Chinavia cearensis Schwertner & Grazia 2006, 238; Schwertner & Grazia 2007, 423, 426. Diagnosis. Body mostly green, with narrow yellow bands on the lateral margins of the scutellum, pronotum and hemelytra. Very similar to C. nigritarsis but can be distinguished by the narrow red bands on the external margins of the juga. Males with apex of femora colored in red. Adult size. 14-15mm. Distribution. Brazil (Ceará). Material examined. Holotype: Serra do Baturité (CE-Brazil), 1898, Noualhier col., MNHN (1♂); Paratype, Serra do Baturité (CE-Brazil), 1898, Noualhier col., DZRS (1♀).
Comments. This is the only species of Chinavia with distribution in the Brazilian Caatinga. It is morphologically similar to C. nigritarsis, distinguished by the red external margins of juga which are yellow in C. nigritarsis. (Figs. 4b, Matesco et al. 2006, 483-488; Schwertner & Grazia 2007, 419, 424, 426-427; Grazia & Schwertner 2008, 233. Diagnosis. External margins of pronotum, hemelytra and connexivum with a wide orange band. Black spots present on the anterior and posterior margins of the connexivum and on the cicatrices of the pronotum. External margins of juga with a wide red band; trochanter and tibia colored in red. Head. Margins of juga orange, with a strong concavity in front of eyes; apex of head semi-circular in shape. Antennae with the first segment red, and the other segments black. Proportion of antennal segments: I<II<III≈IV>V. Rostrum surpassing the metacoxae. Tylus well-marked and outlined in black.
Chinavia erythrocnemis (Berg)
Thorax. Humeral angles obtuse, not produced. Anterolateral margins of pronotum with a slight submarginal dorsal depression. Internal and external margins of the cicatrices of pronotum black. Basal angles of scutellum immaculate. Propleura with a black longitudinal stripe at the external margin. Membrane of hemelytra darkened.
Abdomen. Abdominal spine reaching metacoxae; spiracles not colored and without a callus. Connexivum yellow, with the anterior and posterior margins black.
Male genitalia (Fig. 5b) . Pygophore subtrapezoidal, with the posterolateral angles projected well beyond the ventral rim. Lateral margins of pygophore rounded. Median projection of dorsal rim straight. Flaps of pygophore ventral rim folded over the genital cup with the mesial margins straight; apex of flaps without a curved hook-like projection. Segment X dorsally convex. Parameres projected laterally, apices concolorous with the body.
Female genitalia. Gonocoxites 8 and laterotergites 9 flattened. Posterior margins of gonocoxites 8 sinuous. Gonocoxite 9 strongly concave. Pars intermedialis conical, enlarged at the apex, as long as the capsula seminalis; width of capsula seminalis three times the width of pars intermedialis. Anterior annular flange shorter than the posterior and slightly curved towards the vesicular area. Posterior annular flange curved towards the pars intermedialis. Processes of capsula seminalis subequal in length, four times the length of pars intermedialis.
Adult size. 11-14mm. Distribution. Argentina, Brazil (Rio Grande do Sul), Paraguay and Uruguay. Comments. This is the only species of the geniculata group with nymphal stages described (Matesco et al. 2006) . It is very similar to C. pontagrossensis and C. rideri, being distinguished by the red femora and the unique distribution pattern in the Pampa and Chaco. Diagnosis. Body mostly green, with narrow cream bands on the external margins of the juga. Antennae and apices of femora black. Black spots absent on the cicatrices of pronotum, scutellum and connexivum. Abdominal spine not reaching metacoxae. Head. Margins of juga with a strong concavity in front of eyes and concolorous with the body; apex of head elliptical in shape. Antennae with the two first segments black. Proportion of antennal segments: I<II<III≈IV>V. Rostrum surpassing the metacoxae. Apex of tylus with a black spot.
Thorax. Humeral angles obtuse, not produced. Anterolateral margins of pronotum with a slight submarginal dorsal depression. Scutellum, pronotum and corium without any black spots. Propleura without a black longitudinal stripe at the external margin. Membrane of hemelytra darkened.
Abdomen. Abdominal spine not reaching metacoxae; Spiracles not colored and without a callus. Connexivum green and without black spots at the anterior and posterior margins.
Male genitalia (Fig. 5c ). Pygophore subtrapezoidal, with the posterolateral angles projected well beyond the ventral rim. Lateral margins of pygophore rounded. Median projection of dorsal rim slightly concave. Flaps of pygophore ventral rim folded over the genital cup with the mesial margins irregular; apex of flaps without a curved hook-like projection. Segment X dorsally convex. Parameres projected laterally, with the apices black.
Female genitalia. Gonocoxites 8 and laterotergites 9 flattened. Posterior margins of the gonocoxites 8 straight. Gonocoxite 9 slightly concave. Pars intermedialis conical, enlarged at the apex, as long as the capsula seminalis; width of capsula seminalis three times the width of pars intermedialis. Anterior annular flange shorter than the posterior and slightly curved towards the vesicular area. Posterior annular flange curved towards the pars intermedialis. Processes of capsula seminalis subequal in length, five times the length of pars intermedialis.
Diagnosis. Dark green body with a longitudinal median yellow band on the pronotum and scutellum. Wide cream bands on the external margins of the pronotum, scutellum and hemelytra. Femora and tibia black. Apex of tylus with a small black spot.
Head. Margins of juga with a strong concavity in front of eyes; head almost completely yellow, with the apex semi-circular in shape. Antennae with all segments black. Proportion of antennal segments: I<II<III≈IV>V. Rostrum surpassing the metacoxae. Apex of tylus with a small black spot.
Thorax. Humeral angles obtuse, not produced. Anterolateral margins of pronotum with a slight submarginal dorsal depression. Scutellum and pronotum with a yellow median longitudinal stripe. Pronotum and corium with yellow external margins. Apex of scutellum yellow. Propleura without a black longitudinal stripe at the external margin. Membrane of hemelytra darkened.
Abdomen. Abdominal spine not reaching metacoxae; spiracles concolorous with the body and without a callus. Connexivum without black spots at the anterior and posterior margins.
Male genitalia (Fig. 5d ). Pygophore subtrapezoidal, with the posterolateral angles projected well beyond the ventral rim. Lateral margins of pygophore rounded. Median projection of dorsal rim slightly concave. Flaps of pygophore ventral rim folded over the genital cup, with a secondary folding at the median region; apex of flaps without a curved hook-like projection. Segment X dorsally convex. Parameres projected laterally, black.
Female genitalia. Gonocoxites 8 and laterotergites 9 flattened. Posterior margins of the gonocoxites 8 straight. Gonocoxite 9 concave. Pars intermedialis conical, enlarged at the apex, as long as the capsula seminalis; width of capsula seminalis three times the width of pars intermedialis. Anterior annular flange shorter than the posterior and slightly curved towards the vesicular area. Posterior annular flange curved towards the pars intermedialis. Processes of capsula seminalis subequal in length, twice the length of pars intermedialis.
Adult size. 13-14mm. Comments. This species is easily recognized by the dark green body and the yellow stripe at the center of the scutellum, a unique pattern within Chinavia.
Diagnosis. External margins of juga, pronotum, scutellum and hemelytra with dark yellow bands. Antennae, femora and tibia black.
Head. Margins of juga with a strong concavity in front of eyes; apex of head oval in shape. Antennae, most of rostrum and at least apex of femora black. Proportion of antennal segments: I<II<III<IV≈V. Rostrum surpassing the metacoxae. Apex of tylus with a wide black spot.
Thorax. Humeral angles rounded, not produced. Anterolateral margins of pronotum with a slight submarginal dorsal depression. Black spots absent on the cicatrices of pronotum and external margins of propleura. Basal angles of scutellum immaculate. Membrane of hemelytra darkened.
Abdomen. Abdominal spine reaching metacoxae; spiracles concolorous with the body and without a callus. Connexivum without black spots at the anterior and posterior margins.
Male genitalia (Fig. 5f ). Pygophore subtrapezoidal, with posterolateral angles projected well beyond the ventral rim. Lateral margins of pygophore rounded. Median projection of dorsal rim convex. Flaps of pygophore ventral rim folded over the genital cup with the mesial margins straight; apex of flaps without a curved hook-like projection. Segment X dorsally convex. Parameres projected anteroposteriorly with the apices black.
Female genitalia. Gonocoxites 8 and laterotergites 9 flattened. Posterior margins of the gonocoxites 8 straight. Gonocoxite 9 slightly concave. Pars intermedialis conical, enlarged at the apex, as long as the capsula seminalis; capsula seminalis twice the width of pars intermedialis. Anterior annular flange shorter than the posterior and slightly curved towards the vesicular area. Posterior annular flange curved towards the pars intermedialis. Processes of capsula seminalis subequal in length, six times the length of pars intermedialis.
Adult size. 13-15mm Distribution. Brazil (AM). Material examined. Uaupés (AM), Brazil, M Alvarenga col., NMNH (1♂); Rio Maranon, Peru, AMNH (1♀); French Guiana, E Le Moult col., MNHN (1♀).
Comments. This species was synonymized with C. gravis due to the dark green body and the general body shape (Rolston 1983) . re-evaluated the species status because of the absence of a yellow stripe at the median region of the scutellum and the unique pygophore.
connexivum, similar to the species from the obstinata group. However, it is included in the geniculata group because of the recovered synapomorphies of general and genital morphologies.
Chinavia tuiucauna Schwertner & Grazia ( Fig. 4m; table 3) Chinavia tuiucauna Schwertner & Grazia 2006, 246-247; Schwertner & Grazia 2007, 420, 433. Diagnosis. Scutellum, pronotum and hemelytra without colored bands. Pronotum with truncate apices and juga with a narrow cream band on the external margins.
Adult Chinavia vanduzeei Schwertner & Grazia 2006, 247-248; Schwertner & Grazia 2007, 422, 433-434. Diagnosis. Wide cream bands present on the external margins of the pronotum, scutellum, hemelytra and apex of scutellum. Antennae, rostrum and tibia black. Margins of juga with a strong concavity in front of eyes.
Adult size. 11-14mm. Distribution. Brazil (AM, PA, MA). Comments. Species with a unique color pattern within the genus, with large pale stripes along the whole body external margins. Is one of the smallest species of Chinavia.
